Introduction
A number of theories have been developed in order to generalize and predict how vowel systems are organized in the languages of the world. Some of the most influential theories of vowel systems that have been proposed are the Theory of Adaptive Dispersion (Liljencrants & Lindblom 1972 , Lindblom & Engstrand 1989 , Lindblom 1990 , the Dispersion Theory of Contrast (Flemming 1996 (Flemming , 2004 (Flemming , 2006 , and the Dispersion-Focalization Theory of vowel systems (Schwartz et al. 1997a ). These theories have generally been successful in accounting for the organization of oral vowel systems; however, it is not fully understood whether they can successfully predict the organization of vowel systems that exploit a secondary articulatory dimension, such as nasality, laryngealization, or pharyngealization, among many others. Consequently, the goal of this paper is twofold. First, it will provide novel typological data on two severely understudied languages of the Jê family, namely Mebêngôkre and Panará, through a descriptive acoustic analysis of the oral and nasal vowels of the two languages. Second, it will determine whether the Dispersion-Focalization Theory of vowel systems (hereafter, DFT) is able to successfully predict the organization of the vowel systems of the two languages, with a particular focus on the predictions made for nasal vowel systems.
The structure of the paper is as follows: Section 1.1 presents basic information on the languages under study; section 1.2 discusses typological observations of nasal vowel systems that will be relevant to a discussion on theories of vowel systems; and section 1.3 presents a summary of some of the important aspects of the DFT. Section 2 presents the methodology that was followed to conduct the phonetic experiment. Section 3 presents results from the acoustic analysis. Section 4 compares the data from Mebêngôkre and Panará to the predictions made by the DFT. Section 5 discusses the implications of the results, and finally, the conclusions are presented in section 6.
About Mebêngôkre and Panará
Given the scarce representation of Jê languages in the linguistics literature, this section presents basic genetic and typological information on Mebêngôkre and Panará. Both languages are spoken in the eastern part of the Brazilian Amazon: Mebêngôkre is spoken in a few indigenous villages in the states of Pará and Mato Grosso, while Panará is spoken around the border between Pará and Mato Grosso. Figure 1 provides the internal organization of the Jê language family.
There are two main dialects of Mebêngôkre that are spoken by two distinct nations, namely the Kayapó and the Xikrín. The divide between the Kayapó and the Xikrín happened approximately two hundred years ago, and the differences between the two dialects are minimal (Salanova 2001 ). According to a 2010 census, there were 8,638 Kayapó and 1,818 Xikrín in 2010 (Instituto Socioambiental 2015) .
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2 matter of a year (Schwartzman 1987) , members of different villages regrouped in a single village as a survival strategy. The current speakers of Panará are the descendants of members of these different villages, and there may be remnants of small dialectal differences in the language that they speak today. Jê languages are known for their extensive vowel systems, which include a large number of contrastive nasal vowels, and Mebêngôkre and Panará are no exceptions. Mebêngôkre has a total of 17 vowels (10 oral and 7 nasal), while Panará has a total of 15 vowels (9 oral and 6 nasal). Figure 2 provides the vowel inventories of the two languages.
Mebêngôkre (17)
Panará ( Given the unusually large vowel inventories found in Jê languages, Mebêngôkre and Panará provide data that is particularly well suited for testing the predictions made by a theory of vowel systems. In addition, the data from Mebêngôkre and Panará allows for comparison between two sister languages, which will contribute to a better typological understanding of the Jê family. The data may also provide some insight into the evolution of the phonology of Mebêngôkre and Panará and be of use to work on a reconstruction of the common ancestor of the two languages. Section 3.3 briefly considers how the data at hand may serve in a comparative study of Jê languages.
1.2
The typology of vowel nasality Nasality introduces significant changes to the organization of a vowel system, both from an acoustic and an articulatory point of view. This is a well-established fact that has been observed in a large number of languages (Beddor 1982 , Beddor et al. 1986 , and any theory of vowel systems should account for these observations in its predictions. From an acoustic perspective, nasal vowels tend to present an overall compression of the acoustic space in comparison to oral vowels. Specifically, the following changes have been observed: a decrease in the value of F1 for low vowels, an increase in the value of F1 for high vowels, and a decrease in the value of F2 for front vowels. Crucially, nasal vowel systems tend to present more phonemic contrasts in the F2 than in the F1 dimension, while the inverse pattern is observed for oral vowels (Kingston 2007) .
Oral (9)
Nasal ( Evidence from articulatory studies of nasal vowels further support the fact that oral and nasal vowels are different. In the case of languages with phonologically nasal vowels, such as French, speakers appear to enhance the acoustic properties of vowel nasality through changes in the oral component of the articulation of nasal vowels (Carignan 2014 , Carignan et al. 2015 . In the case of languages where vowel nasality is not contrastive, such as American English, speakers appear to counteract the perceived acoustic effects of nasality by modifying the oral cavity configuration of nasalized vowels (Carignan et al. 2011) . Because of the important differences in the acoustic, articulatory, and perceptual properties of nasal vowels in comparison to oral vowels, the present paper will assume that there is no clear synchronic oral-nasal vowel counterpart relationship in languages where vowel nasality has undergone phonologization, unless otherwise motivated by phonological processes in a given language.
The novel data from Mebêngôkre and Panará presented in this paper will allow for comparison between the acoustic properties of oral and nasal vowels in the two languages. Furthermore, this data will serve to test the predictions made by the DFT for the organization of oral and nasal vowel systems separately, a task which has not been undertaken by any previous studies.
Overview of the Dispersion-Focalization Theory of vowel systems
The DFT is an acoustic theory of vowel systems, which makes it particularly well suited for an analysis of the acoustic data at hand. The theory integrates the basic ideas of the Adaptive Dispersion Theory and Quantal Theory (Stevens 1972 (Stevens , 1989 , and it was formalized by taking into account a number of crosslinguistic tendencies in vowel inventories (Schwartz et al. 1997b ). These major trends were determined by conducting a thorough analysis of the UCLA Phonological Segment Inventory Database (UPSID, Maddieson 1984) . The DFT is generally concerned with predicting the organization of optimal vowel systems, defined as the most common configurations of vowel inventories found in UPSID. It predicts the organization of vowel systems according to two perceptual parameters: λ (global dispersion) and α (local focalization), which function as independent variables in the system, with values ranging from 0 to 1.
Global dispersion is a property of a vowel in relation to other vowels in a system. It refers to the distance between vowels within the acoustic space, such that vowels in a given inventory are maximally distinct from one another. Local focalization is an individual property of every vowel, and refers to the proximity of the formants in the spectrum of one given vowel. For example, /i/ is more focal than /e/, because the values of F2 and F3 for /i/ are closer to one another than they are for /e/. Because formant convergence seems to result in increased perceptual salience, /i/ is more common in vowel systems than /e/.
Increasing λ disfavors mid vowels, which results in a maximal number of high and low vowels, while decreasing λ favors peripheral vowels. A minimal value of λ results in a vertical vowel system, in which the number of contrasts in the F1 dimension is maximized, while a maximal value of λ results in a minimal number of contrasts along the F1 dimension. Increasing α favors focal vowels, while decreasing α disfavors them. According to Schwartz et al. (1997a) , "[f]ocalization favors first /i/ and /y/, then front unrounded vowels with the highest focalization benefit for the highest vowels, and finally back unrounded vowels." Systems with an approximately equal value of both λ and α are those that show the most peripheral and symmetrical systems.
Finally, the DFT also takes the number of segments in the inventory into consideration when predicting the organization of a system. Specifically, a larger number of segments in the inventory results in a more crowded system around the peripheries of the acoustic space. For a complete review of the DFT and its predictions, please refer to the original article (Schwartz et al. 1997a ).
Methodology

Participants
Twelve male speakers of Mebêngôkre and twelve male speakers of Panará participated in this study. All of the Mebêngôkre speakers resided in the village of Djudjêkô, one of the three villages inside the Xikríns of the Cateté Indigenous Reserve, at the time that the study was conducted. The sample of Mebêngôkre speakers included individuals between the ages of 18 and 47 (mean=29). All Panará speakers resided in the village of Nãsepotiti, located on the Panará Indigenous Reserve, and the sample of Panará speakers included individuals between the ages of 22 and 45 (mean=31). Any individual who was a native speaker of Mebêngôkre or Panará and was between 18 to 47 years of age was considered eligible to participate in the experiment.
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The Xikrín and Panará populations are quite homogeneous in terms of socio-economic factors. There are indeed no clear divisions of social classes. The only social factor that may have influenced the results of the present study is the division between Kayapó and Xikrín speakers of Mebêngôkre in the village of Djudjêkô. Although Djudjêkô is a Xikrín village, some Kayapós have been integrated into the community and have been living there for several years. Note that five of the twelve Mebêngôkre speakers identified as Kayapó. Dialectal differences do exist; however, a previous statistical analysis (Lapierre 2015) has shown that there are no significant differences in the production of vowels between Xikrín and Kayapó speakers of Mebêngôkre. For this reason, members of both communities have been collapsed into a single group.
Participants had varying levels of proficiency in Brazilian Portuguese, ranging from advanced to no knowledge at all. Second language proficiency in Brazilian Portuguese is not expected to have an effect on the results of this experiment, because both Mebêngôkre and Panará are vital languages that are being transmitted to children as a native language, and speakers of Mebêngôkre and Panará feel more at ease when speaking their native language. Residents of Nãsepotiti are formally educated in both Panará and Portuguese and are therefore literate in both languages. Younger residents of Djudjêkô are formally educated in Portuguese and are able to read and write, but only few speakers of Mebêngôkre can also read and write in their native language. For this reason, the experiment was designed to accommodate both literate and illiterate speakers, as described in sections 2.2 and 2.3.
Materials
One target word was selected for every vowel quality in each language, which yielded a total of 17 target words for Mebêngôkre and 15 target words for Panará. All target words were monosyllabic and had a simple CV structure, where C is a bilabial stop and V is the target vowel. For illustration purposes, the following list provides some of the target words included in the Mebêngôkre version of the experiment: [pa] (arm), [mĩ] (alligator), and [bõ] (grass). Only one Mebêngôkre word did not conform to these phonotactic restrictions, namely [p!j], which targeted the high central nasal vowel [!] . This word containing a palatal glide in coda position was included in the experiment, because (1) the vowel [!] has a very low frequency in the Mebêngôkre lexicon and no word matching the desired CV structure was found, and (2) an attempt was made to include a nonce-word matching the desired phonotactic structure, but native speaker consultants were left perplexed when asked to produce a nonce-word containing the vowel [!] . Furthermore, an effort was made to include highly imageable words, although this was not possible for all vowel qualities, given the low frequency of some vowels in the lexicons of the two languages. The researcher worked alongside native speaker consultants in an effort to find the best visual representation of every target word.
A carrier phrase with the meaning "I say the word [X] [X] ). Finally, five practice items were included in each language in order for the participants to get familiarized with the task before beginning the experiment.
2.3
Procedure All recordings were produced in the villages of Djudjêkô and Nãsepotiti during the summer of 2015 using a Zoom H4n recorder and a Yoga HM-20 unidirectional headset microphone with a sampling rate of 44.1 kHz. Each target word was presented visually on an individual slide in a PowerPoint presentation so as to eliminate the risk of creating an enumeration effect on prosody. Words within their carrier phrases were presented in standard orthography alongside a picture in order to help the illiterate participants identify the target words. Note that all vowel phonemes are associated to different graphemes in both languages, with the exception of the mid-low and low central nasal vowels of Mebêngôkre ([ʌ] and [ã]), which are both written as ã.
As even the literate participants do not read in a fluid manner representative of natural speech, the researcher guided the participants through the task by producing the entire carrier phrase for every token, and participants were asked to simply repeat what had been said. This was done to reduce the complexity of the task, as participants were not familiar with experimental designs, and this method allowed them to feel more at ease. Although the researcher was not a native speaker of Mebêngôkre or Panará, she is a trained phonetician who has invested a significant amount of time practicing each vowel quality with native speakers. The researcher was able to produce each vowel quality distinctively, and a pilot test of the experiment was run with native speaker consultants before beginning the data collection. Native speakers did not show any difficulty in identifying the target vowels during the experiment, and pictures provided additional information that served to facilitate the task.
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Each target word was presented a total of ten times in semi-randomized blocks. Speakers received 175 grams of Czech beads as compensation for participating in the experiment.
Corpus and data
Each of the 24 participants produced a recording consisting of ten tokens of each target vowel, resulting in a corpus of 4,320 tokens, 2,040 for Mebêngôkre, and 2,280 for Panará. A total of 19 tokens were discarded (13 for Mebêngôkre, and 6 for Panará) due to background noise, hesitations, or use of a deviating intonation contour.
Results of the acoustic analysis
The goal of the acoustic analysis is to determine the values of F1 and F2 for each one of the vowel phonemes of Mebêngôkre and Panará in order to see where each of the vowels is situated within the acoustic space. This data will serve to test the predictions made by the DFT (section 4). In order to do this, the values of the first two vowel formants were extracted for each token in the corpus at 25% of the duration from vowel onset. The 25% duration point was preferred over the standard 50%, as target words appeared in sentence-final position in Panará, and this often resulted in reduced amplitude and devoicing of the target vowels, beginning at approximately 50% of vowel duration. In an effort to maximize comparability of the results between the two languages, the same time point was selected for formant extraction in both languages. A Praat script was used as a first step to extracting the formant values, set to identify four formants within the first 4.5 kHz. All of the high back oral vowel tokens were then manually verified, as well as all of the nasal vowel tokens, and any other token for which the formant values obtained from the output of the script were dubious. Finally, the vowels were plotted on the F1-F2 planes. These results are presented separately for oral and nasal vowels in Figures 3-6 , first for Mebêngôkre, and then for Panará. Note that the values for the vowel formants have not been normalized in order to facilitate the comparison between these results and the predictions made by the DFT, which uses raw Hz values.
Mebêngôkre data
Oral vowels
The ten oral vowels of Mebêngôkre can be described as three front, four central, and three back vowels; and as three high, three mid-high, three mid-low, and one low vowel. While some overlap of the token clouds is normal, there is significant overlap of the central vowels. Specifically, it appears that the high central vowel /ɨ/ overlaps completely with the mid central vowel /ɘ/. This suggests that the mid central vowel may be undergoing a merger with the high central vowel, or that these two phonemes may be differentiated on another phonetic dimension. 
Nasal vowels
The seven nasal vowels of Mebêngôkre can be described as two front, three central, and two back vowels; and as three high, three mid, and one low vowel. As in the case of the oral vowels, there is significant overlap of the central nasal vowels. There is a complete overlap of the distribution of the mid-low nasal vowel /ʌ/ and the low nasal vowel /ã/. Given that the low nasal vowel is very rare in the Mebêngôkre lexicon, and that it only occurs in the vicinity of nasal consonants, it may be that this low nasal vowel is not in fact a distinct phoneme, or that it has merged with the mid central nasal vowel.
Furthermore, in comparison to the acoustic space for oral vowels, that of the nasal vowels seems significantly reduced, and this reduction is most prominent in the F1 dimension. Indeed, a whole level of height contrast has been eliminated: It appears that there is no true low vowel in the nasal vowel inventory of Mebêngôkre, as no vowel token had a value of F1 exceeding 623 Hz.
Panará data 3.2.1 Oral vowels
Panará's nine oral vowels are divided into three front, three central and three back vowels; and into three high, three mid-high, two mid-low and one low vowel. Unlike the oral vowels of Mebêngôkre, the less significant overlap in the oral vowels of Panará does not suggest any ongoing merger of the central vowels. 
Nasal vowels
The six nasal vowels of Panará can be described as two front, two central and two back vowels; and as three high and three mid vowels. Specifically, the low nasal vowel /ã/ patterns with the mid vowels /ẽ/ and /õ/ in terms of height. There does not appear to be a true low nasal vowel in Panará, and, just as in Mebêngôkre, the acoustic space for nasal vowels appears contracted in the F1 dimension when compared to the acoustic space of oral vowels. As in the case of Mebêngôkre, it appears that there is no true low nasal vowel in Panará, as no vowel token had a value of F1 exceeding 618 Hz. (2) is correct, then the mid central vowel of PNJ must have divided into a mid-high and a mid-low central vowel in Mebêngôkre.
Hypothesis (1) is supported by the results of a perceptual discrimination task conducted by Storto and Demolin (2002) . This experiment showed that Karitiâna speakers were significantly worse at identifying central vowels, even when these sounds are contrastive in the phonological inventory of their native language. From the results of this study, it can be hypothesized that central vowels are less perceptually salient than peripheral vowels, and that a merger of two mid central vowels is more likely to occur than a split. Given that phonological changes are often phonetically natural (Hayes 1999 , Solé 2012 , hypothesis (1) seems more plausible. As was noted in section 3.1.1, a similar merging process may be underway in Mebêngôkre, as the mid-high central vowel /ɘ/ overlaps significantly with the high central vowel /ɨ/.
Nasal vowels Mebêngôkre is described as having an additional nasal vowel in comparison to
Panará. However, this extra low nasal vowel patterns in the same way as the mid-low nasal vowel, suggesting that such a contrast may not actually exist. In fact, this contrast is not reflected in the orthography of Mebêngôkre, as was briefly mentioned in section 2.2. It may be the case, however, that the differences between these two vowels were simply not captured by the present analysis, as it may be the case that the phonological contrast between the low and mid-low nasal vowels is manifested through another phonetic dimension (e.g. F3). However, it is impossible to claim, at this point, whether Mebêngôkre truly has a low nasal vowel that contrasts with a mid-low nasal vowel. The results of this experiment suggest that the nasal vowel inventories of Mebêngôkre and Panará are organized identically. Crucially, both Mebêngôkre and Panará lack a true low nasal vowel, as the F1 values of the low nasal vowels of both languages are more similar to those of the mid-vowels (/ẽ, õ/) than to those of the low oral vowels. In addition, both Mebêngôkre and Panará nasal vowels present a larger number of contrasts in the F2 dimension (three) than in the F1 dimension (two), which is consistent with data from nasal vowel inventories observed in other languages (Beddor 1982; Kingston 2007). 4 Testing the predictions of the DFT 4.1 Oral vowels First, it is important to note that Schwartz et al. (1997a) offer no simulations for the organization of vowel systems containing nine segments (such as Panará's oral vowel inventory) or ten segments (such as Mebêngôkre's oral vowel inventory) in their paper presenting the DFT. Figure 7 presents DFT simulations for systems of six and seven vowels (the maximum provided), based on different values of λ and α that result in different vowel configurations.
As the theory's predictions for nine or ten vowel systems are not explicitly stated, the task of comparing the theory's predictions to the data from Mebêngôkre and Panará is one that yields relatively unclear results. That said, the data from Mebêngôkre and Panará's oral vowel systems is consistent with the most common vowel systems observed in UPSID for systems of nine or ten phonemes, as reported in Schwartz et al. (1997b) . In order for the DFT to yield a nine or ten vowel system with the characteristics of the systems found in Mebêngôkre or Panará, the values of α and λ must be manipulated.
First, the value of α must be set quite low (around 0.1 or 0.2) so as to avoid the emergence of focal vowels, which would result in a series of front rounded vowels that are not observed in Mebêngôkre or Panará. Furthermore, the value of λ must be set at approximately 0.5 in order to avoid both a vertical system as well as a system in which mid vowels are dispreferred. These approximate weights of α and λ should yield a system of nine vowels like Panará's oral vowel system, and a system of ten vowels like 9 Mebêngôkre's oral vowel system. In sum, the predictions of the DFT align closely with the data observed from the oral vowels of both Mebêngôkre and Panará. 
Nasal vowels
Although the authors of the DFT make explicit distinctions for primary and secondary inventories in the major typological trends observed in UPSID and further note that "the nasal feature […] leads to significant changes in the formant space and is likely to be processed on another dimension than the oral one" (Schwartz et al. 1997b ), they do not make separate predictions for the organization of nasal vowel systems in the DFT (Schwartz et al. 1997a) . For this reason, the nasal vowel systems of Mebêngôkre and Panará must be compared to the DFT simulations made for oral vowel systems. The simulations for six and seven vowel systems, mentioned previously in the context of our discussion of the oral vowels, are presented in Figure 7 .
Vertical vowel systems, which have a maximal number of contrasts along the F1 dimension, emerge when λ is given a minimal value. Inversely, when λ is given a maximal value, we observe systems with a large number of contrasts along the F2 dimension: Both the six and seven vowel configurations have four high vowels; the seven vowel system has only two mid vowels; and the six vowel system has no mid vowels at all. For six and seven vowel systems, the weight given to α will determine whether the third high vowel to emerge will be a front rounded or a central vowel (though note that in some cases it may also be a back unrounded vowel). A high value of α will favor focal vowels, such as front rounded vowels, while a low value of α will favor non-focal vowels, such as central vowels.
In order for the DFT to yield vowel systems that are most similar to those observed in Mebêngôkre and Panará's nasal vowel systems, the value of λ must be set at approximately 0.5 so as to avoid the emergence of a vertical vowel system as well as one where mid vowels are dispreferred. Furthermore, the value of α must be set at approximately 0.1 or 0.2 so as to favor the emergence of a series of central vowels rather than a series of front rounded vowels. These values are the same as those given for the oral vowel systems of both Mebêngôkre and Panará in section 4.1.
Note, however, that all possible combinations of weight of α and λ yield a low vowel. The data from Mebêngôkre and Panará presented in sections 3.1.2 and 3.2.2 showed that neither nasal vowel system has a true low vowel. For both languages, the low nasal vowel's F1 actually patterns with the mid vowels. Thus, no combination of α and λ in the DFT can yield a system of six or seven segments organized identically to Mebêngôkre or Panará's nasal vowel systems, and the theory thus fails to predict the organization of both nasal vowel systems.
The DFT attempts to predict systems that are crosslinguistically optimal (according to UPSID, Schwartz et al. 1997b) , while also allowing a number of sub-optimal vowel systems. The authors recognize that the DFT cannot account for some of these sub-optimal systems and that a number of other factors can come into play, such as sociolinguistic influences, diachronic evolutions, and interference with other phonological units. However, Mebêngôkre and Panará's nasal vowel systems are not examples of such sub-optimal systems, as they pattern in very similar ways to nasal vowel systems from other languages (Beddor 1982 , Beddor et al. 1986 ) and furthermore seem very stable in the language family.
Discussion
5.1
The acoustic and perceptual correlates of vowel nasality
The acoustic and perceptual correlates of nasality on vowels are particularly complex and remain, to this day, not fully understood (Beddor 1993 , Maeda 1993 . While the configuration of the oral cavity can be modified in a great number of ways that allow oral formants to vary in frequency, the nasal cavity cannot be modified. The only aspect of nasality that can be controlled by speakers is the degree of coupling of the oral and nasal cavities, which is regulated by the degree of opening of the velum.
Formants that result from the flux of air through the nasal cavity have relatively stable frequency values for each individual, unlike the oral formants, which depend on the articulatory configuration of the oral cavity. The anatomical configuration of the nasal cavity varies greatly among individuals, but the value of the first nasal formant (N1, which is most relevant here) is generally found around 400 Hz to 500 Hz (Maeda 1993) . Nasality manifests itself differently on every vowel, not because nasality itself is variable, but because it is superimposed on oral formants, which can vary greatly as a result of the many ways in which speakers can configure their oral cavity to produce vowels.
N1 is of a higher frequency than the F1 of high vowels and of a lower frequency than the F1 of low vowels. When N1 is in the vicinity of F1, they become perceptually merged (Beddor 1993 , Maeda 1993 , Schwartz et al. 1997b , Shosted et al. 2012 , Carignan 2014 , and F1 appears to have a wider bandwidth. The center of gravity of this area of high amplitude in the vowel spectrum is shifted toward N1. Specifically, this interaction of acoustics and perception causes high vowels to raise the center of gravity of F1, making the vowel sound lower. Inversely, the center of gravity of low vowels is perceived as lower, which has the effect of making the vowel sound higher. Experimental evidence suggests that this seemingly crosslinguistic acoustic-perceptual constraint on nasal vowels can be the trigger of sound change (Beddor et al. 1986 ). Over time, the shift in the center of gravity of nasal vowels can cause listeners to reinterpret the height of nasal vowels. This results in a general contraction of the acoustic vowel space that is most prominent in the F1 dimension, just as in the case of Mebêngôkre and Panará's nasal vowel inventories.
5.2
Implications While the fact that nasality in vowels often results in a reduction in the height dimension of the acoustic vowel space has been recognized in the literature by a number of authors (Beddor 1993 , Maeda 1993 , Schwartz et al. 1997b , Kingston 2007 , Shosted et al. 2012 , Carignan 2014 ) and can be explained satisfactorily by the acoustic approach described in section 5.1, this knowledge has yet to be integrated into a theory of vowel systems. The proponents of the DFT, as mentioned in section 4.3.2, do not make separate predictions for the organization of oral and nasal vowel systems. However, the DFT is successful at predicting the organization of the oral vowels of Mebêngôkre and Panará, along with data from a much larger sample of languages, as observed in the authors' survey paper (Schwartz et al. 1997b) . That said, the general mechanisms governing the organization of the nasal vowels of Mebêngôkre and Panará within the acoustic space appear to be the same as those active in the organization of oral vowel systems. Global dispersion (λ) is a major contributing factor in determining the organization of nasal vowels within the acoustic space, as the nasal vowels of both Mebêngôkre and Panará are still dispersed among themselves within the available acoustic space. However, global dispersion is constrained in the height dimension, as the F1 values between approximately 650-850 Hz are, for a number of acoustic and perceptual reasons described in section 5.1, unavailable to the speakers of Mebêngôkre and Panará. If one accepts that nasal vowel inventories are constrained in the height dimension, then Mebêngôkre and Panará's oral and nasal vowel systems can be described using the same values of both α and λ.
It may seem that Mebêngôkre and Panará's nasal vowel systems resemble the vertical vowel systems described in section 1.3 and that the two languages' nasal vowel systems behave differently from the oral vowels with respect to the value of local focalization (α). However, this explanation is inadequate. Vertical vowel systems, which have a maximal number of contrasts along the F1 dimension, consist of a series of acoustically high and a series of acoustically low vowels. The proponents of the DFT provide approximate values in hertz for the F1 of high and low vowels, which are 277 Hz and 648-800 Hz respectively. As mentioned earlier, no true low vowel has been observed in the nasal vowel inventories of Mebêngôkre or Panará, precisely because the acoustic space between 650-850 Hz in the F1 dimension is unoccupied in both systems. Neither of the two vowel systems presented here, then, can be accounted for by increasing the value of α.
I suggest that the acoustic space of phonologically nasal vowels is constrained in the F1 dimension. Accounting for this apparent restriction of the acoustic space available to nasal vowels is a small adjustment to the DFT that allows the general mechanisms of global dispersion and focalization to apply normally for nasal vowels, albeit in a reduced space. This prediction is consistent with the typological observations that (1) nasal vowel systems tend to present more contrasts in the F2 than in the F1 dimension, (2) nasal vowel inventories are often reduced in size in comparison to oral vowel inventories, and (3) nasal vowels never make up more than 50% of a language's vowel inventory (i.e., no language has more nasal vowels than oral vowels). All of these observations appear as natural consequences of a contracted acoustic space in the F1 dimension for nasal vowels.
The degree of constriction of F1 for nasal vowel systems varies from language to language, and I do not claim that the values of F1 between 650-850 Hz are unavailable to all nasal vowel systems. While this appears to be the case for Mebêngôkre and Panará, other languages may have a greater or a lesser degree of reduction of F1 as a result of various factors, including but not limited to different configurations of the articulators in the vocal tract during the production of nasal vowels, and language-specific diachronic processes. Acoustic space reduction for nasal vowels is the result of phonologization of nasality for vowels and is affected by a number of factors, such that different nasal vowel systems behave in fundamentally different ways.
